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Abstract 
Crack hinders the optimum performance of a machine. Presently most of the failures encountered by machines 
are due to material fatigue. Therefore crack detection and localization is the main topic of discussion for various 
researchers across the globe. The dynamic behaviour of a whole structure is affected due to the presence of a 
crack as the stiffness of that structural element is altered. The cracks in the structure change the frequencies, 
amplitudes of free vibration and dynamic stability areas to an inevitable extent. So a diagnosis of the changes 
allows the experimenter to identify the cracks without aborting the system applications. The effect of an open 
crack on the modal parameters of the cantilever beam subjected to free vibration is analysed and the results 
obtained from the numerical method i.e. finite element method (FEM) and the experimental method are 
compared. It is concluded that results obtained from experiment have a very good agreement with the results 
obtained from FEM and the structure vibrates with more frequency in the presence of a crack away from the 
fixed end.  
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Nomenclature 
E 2) 
v   of aluminium 
Lij Element present at ith row & jth column of the local stiffness matrix 
Bij Element present at ith row & jth column of the local compliance matrix  
fe Natural frequency obtained from the experiment 
fn Natural frequency obtained from the numerical method 
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1. Introduction 
Vibration principles are the inherent properties of the physical science applicable to all structures subjected to 
static or dynamic loads. All structures again due to their rigid nature develop some irregularities in their life 
span which leads to the development of crack. The problem on crack is the basic problem of science of 
resistance of materials. Considering the crack as a significant form of such damage, its modelling is an 
important step in studying the behaviour of damaged structures. Knowing the effect of crack on stiffness, the 
beam or shaft can be modelled using either Euler-Bernoulli or Timoshenko beam theories. The beam boundary 
conditions are used along with the crack compatibility relations to derive the characteristic equation relating the 
natural frequency, the crack depth and location with the other beam properties. Researches based on structural 
health monitoring for crack detection deal with change in natural frequencies and mode shapes of the beam.  
 
 Douka et al. [1] have presented a method for determining the location and crack depth in double cracked beam. 
For diagnosing the crack, variation in natural frequency and anti-resonance properties are used by them. Tian et 
al. [2] have used mid frequency flexural wave to detect the presence of crack and its location in a cracked beam. 
Ostachowicz et al. [3] have proposed a method assuming an open and closed crack with triangular disk finite 
elements. He has analyzed the forced vibrations of the beam, the effects of the crack locations and sizes on the 
vibration behavior and discussed a basis for crack identification. Ayre et al. [4] have developed a method for 
calculating the natural frequencies of continuous beams of uniform span length by vibration analysis. Bollinger 
et al. [5] have presented a method for analysis and prediction of the static and dynamic behavior of machine tool 
spindle systems using finite difference technique. Mercer et al. [6] have developed a transfer matrix method for 
the prediction of natural frequencies and normal modes of a row of skin-stringer panels. They have also 
presented few examples. Miles [7] has carried out analysis of beams on many supports using vibration 
parameters. Lin et al. [8] have briefly surveyed the use of transfer matrix method for analyzing the dynamic 
behavior of beam structures. Chun [9] has considered the free vibration of a beam hinged at one end by a 
rotational spring (with a constant spring constant) and the other end free. 
1.1. Theoretical Analysis 
 In the theoretical section natural frequency is determined from the elastic property expressions by modeling the 
crack as mass less spring of cracked cantilever beam. The presence of crack changes the stiffness of the beam, 
so the vibration parameters of the beam. The theory is approved by performing experiments on cantilever beam 
specimen with crack and without crack. Natural frequencies of the cantilever beam specimen with crack and 
without crack are found out both numerically and experimentally for the same crack depth and different crack 
position with respect to the fixed end of the cantilever beam.  Different natural frequencies are observed at 
different position of the crack. 
 
1.2. Local elasticity of a cracked cantilever beam subjected to bending and axial loading 
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for the current research. The beam is subjected to axial force (F1) and bending moment (F2) as shown in Fig.1. 
The presence of crack introduces a local flexibility, which can be defined in matrix form, the dimension of 
which depends on the degree of freedom of the system. The current analysis incorporates a 2x2 matrix due to 
the availability of the two degree of freedom. 
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Fig.1.Schematic diagram of Cantilever beam 
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The strain energy release rate at the fractured section for plain strain condition can be written as 
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Ll1, Ll2 are the stress intensity factors of 1st mode for load F1 and F2 respectively. 
 
The flexibility influence co-efficient Bij will be, by definition  
 
                                                          
1
0
2
)(
b
ji
ij dbbSFF
B
 
To find out the final flexibility matrix we have  
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The local stiffness matrix can be obtained by taking the inversion of compliance matrix. i.e 
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2. Numerical & Experimental Analysis  
2.1. Numerical Analysis 
The numerical analysis is carried out for the cracked cantilever beam to find the natural frequencies of 
transverse vibration at different crack location and crack depth. The cracked aluminium (E=70 x 109 N/m2, 
kg/m3, v =0.35) cantilever beam for the experiment has the following dimensions. 
 Length of the Beam     = 0.8m 
Width of the beam     = 0.05m 
Height of the Beam     = 0.006m 
 Crack depth                                  = 0.003m 
 Crack location                                  = 0.4m, 0.2m, 0.6m from the fixed end 
 
The three natural frequencies i.e. 1st, 2nd & 3rd are determined by the numerical method (FEM) using ANSYS 
version 10. First the aluminium cantilever of the dimensions 0.8m x 0.05 m x 0.006 m is being modelled without 
crack and with crack (crack depth 0.003m)  at three different positions. By modal analysis three natural 
frequencies are obtained. 
 
2.2. Experimental Analysis 
 
 
 
 
 
 
 
 
 
An experimental set-up consists of accelerometer, vibration analyzer, vibration readings observer (Pulse Lite 
3560-L), distribution box is used for performing the experiment as shown in the schematic diagram. The 
aluminum cantilever beam specimen with dimensions 800mm x 50mm x 6 mm with and without a crack is 
subjected to no. of experimentation with the experimental set up shown in Fig.2 for determining the natural 
frequencies. The natural frequencies corresponding to 1st , 2nd and 3rd mode are noted for three different 
Fig.2.Schematic diagram of experimental set-up 
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positions of the crack position i.e. middle position of the beam, one fourth of the total length & three fourth of 
the total length from the fixed end of the cantilever beam. The results from experimental and numerical methods 
are compared in the tables (1-4) and the mode shapes obtained from the numerical method are also shown in the 
Fig.(3-6). 
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Mode No. Experimental Natural 
Frequency(fe) 
Numerical Natural 
Frequency (fn) 
Percentage of Error=  
100 x (fn-fe)/fn 
1st 7.4824 7.7538 3.5 
2nd 46.632 48.575 4 
3rd  130.9776 136.01 3.7 
Mode No. Experimental Natural 
Frequency(fe) 
Numerical Natural 
Frequency (fn) 
Percentage of Error=  
100 x (fn-fe)/fn 
1st 7.4186 7.7277 4 
2nd 45.8671 47.878 4.2 
3rd 130.8512 136.02 3.8 
Mode No. Experimental Natural 
Frequency(fe) 
Numerical Natural 
Frequency (fn) 
Percentage of Error=  
100 x (fn-fe)/fn 
1st 7.3881 7.6561 3.5 
2nd 46.5690 48.560 4.1 
3rd 129.514 134.77 3.9 
(a) 
(b) (c) 
(b) (c) 
(a) 
Table 3. Frequencies of three modes with crack (crack depth 3mm) at one fourth of the total 
length from the fixed end 
Table 2. Frequencies of three modes with crack (crack depth 3mm) at the middle 
(a) (b) (c) 
Fig.5. Illustrates the mode shape variation of (a) 1st mode (b) 2nd mode (c) 3rd mode of cantilever beam with crack at 
one fourth of the total length from the fixed end. 
Fig.4. Illustrates the mode shape variation of (a) 1st mode (b) 2nd mode (c) 3rd mode of cantilever beam with crack at 
the middle of the beam 
Fig.3. Illustrates the mode shape variation of (a) 1st mode (b) 2nd mode (c) 3rd mode of cantilever beam without crack 
Table 1. Frequencies of three modes without crack 
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Table 4. Frequencies of three modes with crack (crack depth 3mm) at three fourth of the total length from the 
fixed end 
 
 
 
 
 
 
 
 
 
 
2.3.   Comparison of the results of numerical and experimental analysis  
It is evident from the above tables that experimental and numerical results are in good agreement. Tables (1-4) 
depict three sets of data i.e. 1st, 2nd & 3rd natural frequencies corresponding to experimental and numerical 
analysis. Column 4 of tables (1-4) shows the percentage of error present between the numerical and 
experimental natural frequencies is between 3 to 5 percent. Moreover the natural frequency of the cantilever 
with crack decreases as compared to the beam without crack and for the same cantilever, natural frequency 
increases with increase in the distance of crack position from the fixed end. The deformed shape corresponding 
to each mode of vibration shows significant changes at crack localised position. 
 
3. Conclusion 
 Mode shapes and natural frequencies of the vibrating structures are susceptible to change under the influence of 
crack depth & crack location. Mode shapes in magnifying views allow the researchers to get an idea of the 
significant changes at the crack location. Therefore position and severity of crack can be determined by 
analyzing these changes. The experimental results can be verified conveniently by comparing the results 
obtained from cracked beam numerically.   
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Mode No. Experimental Natural 
Frequency(fe) 
Numerical Natural 
Frequency (fn) 
Percentage of Error=  
100 x (fn-fe)/fn 
1st 7.4670 7.7539 3.7 
2nd 46.4006 48.334 4 
3rd 128.4103 134.04 4.2 
Fig.6. Illustrates the mode shape variation of (a) 1st mode (b) 2nd mode (c) 3rd mode of cantilever beam with crack at three fourth 
of the total length from the fixed end. 
(a) (b) (c) 
